Ribosomes can be identified during the ultracentrifugation of cell extracts with boundaries having sedimentation coefficients from 20 to 100 Svedberg units (S Bacteria were selected so as to cover a range of 34-80% guanine plus cytosine (GC) content of their DNA. Within each group, the organisms were chosen on the basis of their availability in pure form, their ability to grow rapidly in a liquid medium, and their nonpathogenicity. All organisms were grown under physicochemical conditions eliciting a maximum rate of growth and harvested during the growth phase.
values do not always agree, even for the same species, often because the physicochemical conditions differed. Since sedimentation velocities vary with concentration, viscosity, and temperature, corrections must be applied in order to obtain values which can be compared. Although only a few such values are available, it is generally assumed that bacterial ribosomes belong to the 70S class whereas all others belong to the 80S class.
In the present work the corrected S values of ribosomes from 25 species of bacteria and 26 of fungi have been determined. Statistical evidence for the existence of two distinct classes has been obtained. It is suggested that the uniqueness of the sedimentation coefficient of the ribosomes from bacteria should be used to define this group of organisms.
Materials and Methods.-Selection of organisms: Mycelial and yeast forms belonging to the following classes were analyzed: Zygomycetes, Ascomycetes, Deuteromycetes, and Phycomycetes. Bacteria were selected so as to cover a range of 34-80% guanine plus cytosine (GC) content of their DNA. Within each group, the organisms were chosen on the basis of their availability in pure form, their ability to grow rapidly in a liquid medium, and their nonpathogenicity. All organisms were grown under physicochemical conditions eliciting a maximum rate of growth and harvested during the growth phase.
Preparation of extracts: Cells and filaments were washed with and resuspended in Tris buffer (10-2 M), pH 7.4, containing 10 ,smoles per ml of MgCl2 (Tris-Mg). All yeasts and a few molds were disrupted with glass beads in a Nossal disintegrator. Most molds were ground with washed, 50-mesh sea sand and bacteria with levigated alumina. The pH was readjusted to 7.4, and beads, sand, or alumina were removed by centrifugation. The extract was clarified by two centrifugations at 25,000 X g and 40C, and the supernatant was used for ultracentrifugal analysis.
For blue-green algae, it was necessary to eliminate the pigments from this supernatant. It was therefore centrifuged through a 3-20% linear gradient of sucrose in Tris-Mg, at 25,000 rpm for 255 min in the SW25 rotor of the Spinco model L preparative ultracentrifuge. One-ml fractions were collected after piercing the bottom of the tube. The optical density at 260 m/A (OD260) of each fraction was measured, and those fractions corresponding to the ribosomal peak were pooled and washed by two centrifugations at 40,000 rpm for 120 min. The ribosomal pellets were resuspended in Tris-Mg.
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Purified ribosome suspensions from other microorganisms were obtained by the same method except that preliminary separation by sucrose density gradient centrifugation was omitted.
Determination of sedimentation coefficients: Extracts were used either immediately after preparation or after storage at -90OC for up to 1 week. In either case, the results of the S determinations were identical. Extracts were diluted with Tris-Mg in order to obtain a range of concentrations from 3.0 to 0.5 mg RNA/ml. The concentration was estimated by assuming that an OD260 of 1.0 is equal to 50 ,gg RNA/ml. The dilutions were centrifuged at 39,460 rpm and 20'C in the Spinco model E analytical ultracentrifuge equipped with schlieren optics. Pictures were taken at 4-min intervals after this speed had been attained. The distance from the boundaries to the reference line was measured with a Nikon Shadowgraph Model 6C comparator. The S0,2%. value for four concentrations of each extract was obtained by the procedure described by Schachman.1 The viscosity of Tris-Mg at 20'C was determined with an Ostwald viscosimeter having an average flow time of 186.2 sec for distilled water at 20'C. A value of 0.65 was used for the partial specific volume of ribosomes,' and a factor equal to 1.02075 was used to convert S°20, Trig-Mg into So20,'0.
Results. -Determination of sedimentation coefficients: Figure la and b shows typical schlieren diagrams, respectively, for extracts of Spirillum serpens and Penicillium notatum. Both are characterized by a major peak corresponding to ribosomal units and the near absence of subunits. The proportion of subunits varied from organism to organism and from extract to extract, but this had no influence on the S020,,, value. Also visible is a small peak representing the dimer of the ribosomal unit. Polyribosomes3 corresponding to trimers, tetramers, and pentamers were detected in the centrifugation of some extracts. A typical slowmoving boundary corresponding to soluble RNA and proteins was always detectable.
As shown in Figure 2 , there is a linear dependence of sedimentation coefficient on the concentration of the extract. Therefore, only the S value corresponding to an extrapolation to zero concentration (S°2o) has a comparative value (Fig. 2a) . Although the slope of the regression line is greatly reduced with purified ribosomes, the 8020 value is not significantly affected (Fig. 2b) . 6 .1 mg/ml of RNA. The picture was taken 10 min after maximum speed was attained. In both profiles, two major peaks are present. The one on the extreme right corresponds to soluble material, and the other to the ribosomes studied in the present work. Sms~ler peaks, corresponding to ribosomal subunits, are located between these two major boundaries. On the left of the ribosomal peak, dimers and polyribosomes are also visible. (Fig. 2b ).
Statistical indices of the frequency distribution of ribosomal S020,1: In Table 2 0.406, respectively, for fungi and bacteria. It is therefore concluded that the fit is reasonably good. The consistency of the means, which are, respectively, 81.3S and 68.4S for fungi and bacteria, was tested using 49 d.f., and a t value of 25.8 was obtained. The P of having a t value this great or greater by chance is much less than 0.01. Therefore, the difference between the sedimentation coefficients of fungal and bacterial ribosomes appears to be significant. Figure 3 shows the histograms corresponding to the two frequency distributions for the S%20,,, values. These two histograms do not overlap, and this can be illustrated during the centrifugation of a mixture of extracts from N. crassa and Bacillus licheniformis, as shown in Figure 4 . Indeed, after 14 min of centrifugation at 39,460 rpm, separation of the two ribosomal classes occurs. Furthermore, the values extrapolated to infinite dilution were, respectively, 84.5S and 71.9S. This difference of 12.6S is close to the 12.9S units separating the means of the two distributions. Discussion. -Our study has been limited to two small-sized samples, the selection of organisms was not perfectly random, and several taxonomic groups were not analyzed; however, authentic representatives of both proto-and eucaryotic microorganisms have been included. recently reported for six bacterial species'0 deviate significantly. In the latter work, the average value of 77.7S for two determinations of E. coli is about 8S higher than the 69.1 value found both by Tissieres et al. 6 and by ourselves. The values of 63.8S for S. lutea and 84.5S for Mucor rouxianus deviate from their respective means by a value greater than twice the standard deviation. In addition, in both distributions, there are several values close to this confidence limit. It will be interesting to find out, when more detailed and refined analyses become available, if within each group some of these variations are random or systematic.
The following corrected S values-calf thymus lymphocytes 74S,"1 thymus nuclei 78S,12 rat liver 83S,13 rabbit reticulocytes 78S,14 bovine pancreas 75S15 and 80S,16 Jensen sarcoma 83S, 13 rabbit, human, and sheep reticulocytes 78-79S,17 calf liver 81S, 18 19 and pea seedlings 80S,20-together with ours, suggest that eucaryotic organisms have 80S ribosomes.
The difference between the means of the frequency distributions for bacterial and fungal ribosomal S values appears to be statistically significant. One would like to know the physical basis for this difference. Electron microscopic observations of ribosomes from E. coli21-23 and pea seedlings24 are not conclusive. Estimates of molecular weights yielded 4.0 X 106 for pea seedling,20 and 2.6 X 106 for E. coli.6 Spectral and X-ray analyses of ribosomes and ribosomal RNA18 25-29 as a whole indicate that both 70S and 80S particles very likely have the same type of internal structure.
It is generally accepted that ribosomal RNA molecules possess sedimentation co- 35 It appears in conclusion that no good explanation is yet available for the difference in sedimentation coefficient between the ribosomes from proto-and eucaryotic organisms. As pointed out by Stanier,37 bacteria and blue-green algae are unique because they are devoid of nuclear membrane, endoplasmic reticulum, intracellular Brownian movement, mitochondria, and chloroplasts; and have mucocomplexes in the cell wall. As a consequence of the present work, it is suggested that bacteria and blue-green algae be further defined as the organisms possessing "70S" ribosomes, in contrast to eucaryotic organisms which contain ribosomes of the 80S type.
The existence of two distinct classes of ribosomes raises the question of their origin. One might ask whether one class derived from the other or whether they both had a common ancestor, and if, as suggested by Bernal, 38 Communicated by James V. Neel, August 8, 1964 Defective lysogens are bacterial cells bearing mutant, defective prophages; they offer an opportunity to study lethal mutations of the bacteriophage whose genome can be propagated as prophage along with the host genome but is unable to lead to the production of mature phage particles.' Jacob et al., 2' I and Brooks,4 studying defective lysogens of X, have described and characterized mutants falling into two classes: (1) early mutants which are blocked prior to vegetative replication of the phage genome, and (2) late mutants which are blocked in some subsequent maturative function. To explore biochemical aspects of early mutants, we have examined defective lysogens for the increase in nuclease activity associated with induction of lysogens of phage X.5 Two altered biochemical phenotypes have thus been found: (1) one which is characterized by a deficiency in nuclease activity
